Cities and neighbouring areas can be considered as a particular ecosystem (Marcus & Detwyler 1972) . Bryson & Ross (1972) suggested three main factors distinguishing cities from other environments: physical changes in soil surface, which promotes an increase in environmental aridity; air turbidity, which is the reduction in luminosity due to air pollution; and variation in heat production, which makes cities warmer than other environments. This variation in heat production is a consequence of the lower air circulation through buildings and of the paving of the soil, and is also infl uenced by air turbidity (Danni 1980) .
Another important consequence of urbanisation is the biotic homogenisation, caused by the eradication of the wild fauna and fl ora by the introduction of exotic ones associated with the urbanisation process itself (Sukopp & Werner 1982 , McKinney & Lockwood 1999 , Pickett et al. 2001 . For instance, several species of Drosophilidae are found in association with environments under anthropic infl uence (Parsons & Stanley 1981) . These environmental changes usually defi ne a gradient from wild to urbanised areas. Ruszczyk (1986 Ruszczyk ( /1987 identifi ed this gradient in the city of Porto Alegre, southernmost Brazil, and suggested a classifi cation for the different urbanisation levels based on the extent of plant covers and the kind and height of buildings.
Another sign of increased urbanisation is observed in the changed composition of associated animal communities (Blair 1996 , Pickett et al. 2001 , Crooks et al. 2004 ). This kind of change was detected in Drosophila assemblages studied by Valente and co-workers in Porto Alegre (Valente et al. 1989 , Valiati & Valente 1996 , Silva et al. 2005b . In these studies, besides the changes in the abundances of species at different sites in the city, several other alterations were also detected in the frequency of some genetic markers as chromosomal inversions, courtship patterns, and enzymatic polymorphisms in native species of Drosophila.
A number of other studies have recently investigated the urban fauna of Drosophilidae in the New World (Goñi et al. 1998 , Avondet et al. 2003 , Ferreira & Tidon 2005 . All studies showed that the structures of these assemblages were similar, with a high predominance of the exotic species in detriment of the native species.
Considering that the urban ecosystem has not yet been suffi ciently studied, despite its intrinsic importance, the present study aimed to characterise and compare the Drosophilidae assemblages inhabiting sites at different transitions points from wild to urbanised environments in southern Brazil.
Material and Methods
Study area. Collections were carried out in the Santa Catarina Island, city of Florianópolis, Santa Catarina State, southern Brazil. This island measures approximately 424 km² and is the location of the largest part of the city of Florianópolis, home to about 300,000 inhabitants. According to the Köeppen criteria, the climatic classifi cation of the area is type Cfa, located in subtropical intermediate zone and belongs to the mesothermic humid group (Prefeitura Municipal de Florianópolis 2005) . The variation of the monthly average of daily temperature and relative humidity, the total monthly rainfall measured in the collection period at the Meteorological Station of Instituto Nacional de Meteorologia (27º35'S; 48º34'W; altitude of 2m) are shown in Fig. 1 .
Four collection sites were chosen and characterized for the urbanisation degree ( Fig. 2A and B ), in agreement with Ruszczyk's parameters (1986 Ruszczyk's parameters ( /1987 : percentage of plant cover, and type and height of houses and buildings. As control, we sampled one site within a remaining area of the Atlantic Rain Forest at Morro da Lagoa da Conceição (27°35'268"S; 48°28'329"W), without urban influence (NU-not urbanised).
The low urbanisation site (LU) is in Morro da Cruz (27°35'040"S; 48°31'040"W) and is characterised by the occurrence of a degraded Atlantic Rain by one-storey houses. The sampling site with a medium urbanisation level (MU) is in the Universidade Federal de Santa Catarina campus (27°36'129"S; 48°31'219"W), which is surrounded by several residential buildings up to four storeys high. The high urbanisation level site (HU) is in the 14ª Brigada Motorizada da Infantaria (27°35'273"S; 48°33'023"W). This area is circled by tall commercial and residential buildings over four storeys, although a small area covered by native species of trees survives in the zone. ). Flies were captured using 50 traps per sample, according to Tidon & Sene (1988) , containing 5 kg of mashed bananas enriched with commercial yeast (Fleishmann®). Traps were hung 1.5 m high for three days.
The species identification was based on external morphology and on male genitalia (prepared according to Wheeler & Kambysellis 1966) . When possible, a series of specimens of each species was deposited in the Museu de Ciências Naturais da Fundação Zoobotânica do Rio Grande do Sul. Ecological and statistical analysis. The parameters used for diversity analysis were: number of individuals belonging to exotic species from the Neotropical area (N exot ), number of native species individuals (N nat ), number of exotic (S exot ) and native (S nat ) species, the Shannon-Wiener diversity index (H') (Magurran 1988 , Krebs 1999 , number of species estimated for 20 individuals with a rarefaction analysis (S rar ) (Magurran 1988 , Krebs 1999 , and the Smith-Wilson evenness index (E var ) (Smith & Wilson 1996) . Rarefaction curves were also built for each site (Magurran 1988 , Krebs 1999 . Comparisons between sites and seasons of the parameters available were accomplished by the MANOVA test, followed by a Tukey test (Krebs 1999 , Zar 1999 , and by Pearson correlations tests between H' and the other indices (Zar 1999) . The ShapiroWilk test and Levene's test were used to verify normality and homogeneity of variances, respectively. For statistical analysis, we used natural logarithmic transformations in number of individuals (Ln N).
The importance of the spatial and temporal variables in the total heterogeneity index value was measured by niche analysis according Levins (1968) , with the calculations of H'between = H'total -(∑Nj*H'j)/N; where H'between is the value of H' to a given component; H'total is the value of H' considering all the samples together; N is the total number of individuals in all samples, Nj is the number of individuals in component j and H'j is H' within component j. Two main components were available: spatial component (collection sites -NU, LU, MU and HU), and temporal component (years -2000/2001 and 2002/2003, and seasons -winter, spring, summer, autumn) . The interaction between spatial and temporal components (residual), which considered the variation between each collection individually, was also established. For comparisons between each collection we used the similarity Morisita's index (Krebs 1999) , followed by the construction of an UPGMA dendrogram (Sneath & Sokal 1973) .
The statistical analysis used the software Statistica '98 edition (Statsoft 1998). Diversity indices and dendrogram construction were carried out using the Past version 1.34 (Hammer et al. 2001 ) and the Ecological Methodology version 5.2 (Krebs 1999) softwares.
Results
A total of 253,374 specimens belonging to 105 Drosophilidae species were collected and analysed. The absolute abundances of the collected species in each site are shown in Table 1 .
The relative abundance (pi) of the species that reached values above 5% of the total per sample in each site is shown in Fig. 3 . In NU (Fig. 3A) , Drosophila capricorni Dobzhansky & Pavan was the best-represented species in winter, followed by the willistoni subgroup (D. willistoni Sturtevant and D. paulistorum Dobzhansky & Pavan) . The predominance of D. capricorni also occurred in spring 2000. In the remaining samples, the willistoni subgroup was the most representative, followed by D. polymorpha Dobzhansky & Pavan or D. capricorni. In the LU site (Fig. 3B) , the willistoni subgroup was the most predominant taxon in winter, and Zaprionus In MU and HU ( Fig. 3C and D) , the assemblages showed the same dominant species, and in general, D. simulans was more abundant in the winter samples, followed by Z.
indianus. An opposite tendency was observed in the spring and summer samples. In autumn, a great increase in the pi of D. malerkotliana was observed, becoming one of the dominant species, along with Z. indianus. D. malerkotliana was also the predominant species in summer 2003 in HU, followed by D. simulans, which was dominant in MU.
These patterns were also observed in the UPGMA dendrogram constructed with the Morisita's similarity index ( The calculated ecological parameters are shown in Table  2 . We observed a signifi cant oscillation with the MANOVA test (between sites F = 7.70; P = 0.000 and between seasons F = 3.53; P = 0.0001). But, when we carried out the Tukey tests, only N exot varied signifi cantly between sites and seasons ( Fig. 5) , where NU was the lowest (P = 0.0002 for all the comparisons), and LU lower than HU (P = 0.002). As for seasons, winter values were lower than spring and the autumn values (P = 0.02 and 0.0002, respectively), and lower in summer than in autumn (P = 0.04). S nat and S exot variations were signifi cant only in spatial terms, where S nat was lower in NU than in LU (P = 0.007). Additionally, S exot was lower in NU than in LU, MU and HU (P = 0.03, 0.0003 and 0.0003, respectively) and in LU lower than in HU (P = 0.03). Although H' and S rar did not vary signifi cantly, they presented higher values in LU and winters and lower values in NU and autumns. In terms of local variation, E var values were higher in NU and lower in HU. Considering temporal variation, values observed were higher in winters and lower in autumns.
Rarefaction curves are shown in Fig. 6 , together with the curve of De Toni et al. (2007) . These authors carried out drosophilid collections in eight Atlantic forest sites of the Santa Catarina State during two consecutive years, and the observed total richness was used here as a measurement of regional richness. We observed that LU is the richest site, even when compared with NU, whose anthropic infl uence is much lower. Only the regional richness curve (De Toni et al. 2007) reached comparable values for LU.
Pearson correlation between the values of H' and of E var , S rar , N nat , N exot , S nat and S exot are shown in Table 3 . In NU, H' correlated positively with E var and negatively with Ln N exot . On the contrary, in MU and HU, H' correlated positively with S rar and S nat . In like manner, in HU the H' also correlated positively with S exot . In LU we found an intermediate situation, where H' is positively correlated with E var and S rar .
The analysis of niche contribution to the total value of diversity (H') is presented in Table 4 . The contributions to 
Discussion
The present study sheds new light on the role of Drosophilidae as indicators of alterations in urban, transitional and wild environments in the Neotropical region.
The Drosophilidae fauna of urban areas and Atlantic Forest was characterized by their dominant species. The exotic species were quite dominant in the studied urban environments. The association of the melanogaster group with anthropic environments is a consensus among the drosophilists. The species of this group are associated with altered or open environments in Brazil, as cities, cerrados, strand forests and dunes (Sene et al. 1980 , Ferreira & Tidon 2005 , Tidon 2006 ).
The great dominance of the recently introduced African fl y Z. indianus in the assemblages of MU and HU and the almost absence in the forest also deserves attention. Tidon et al. (2003) , in collections made in wild environments of Central Brazil, observed that Z. indianus is more abundant in open areas of the cerrado, but not in gallery forest environments. Silva et al. (2005a, b) also verifi ed the high abundance of this fl y in the urban areas of the city of Porto Alegre, in the southernmost state of Brazil. In general, the exotic species are being appointed as indicators of disturbed environments (Ferreira & Tidon 2005; Silva et al. 2005a,b) , except D. simulans that, in some studies, was cited as naturalised in the Brazilian environments (Dobzhansky & Pavan 1950 , Pavan 1959 ). Yet, this naturalisation cannot be generalized, since its populations collected in places covered with Atlantic forest vegetation are scarce, in comparison with those sampled in other wild environments like mangroves and strand forests (H.J. Schmitz and L.E.M. Bizzo, personal communication). D. simulans distribution in the urban gradient suggests that perhaps the species cannot so easily establish in wild Atlantic forest.
The willistoni subgroup, typical of forests (Martins 1987 (Martins , 2001 Saavedra et al. 1995) , was very abundant in our collections, including those carried out in urbanized areas. The presence of these species in urban areas was previously related by Valente et al. (1993) , by Valiati & Valente (1996) , and recently by Silva et al. (2005a,b) , who sampled it at high abundance in Porto Alegre, southernmost Brazil. Moreover, due to the high abundance of the exotic species in the city, the expressiveness of willistoni subgroup is low in areas of medium and high urbanisation.
However, D. capricorni, another member of the willistoni group, had a very pronounced decrease in the city, behaving as a typical urban-sensitive species. Similarly low abundances have been observed in open environments (Sene et al. 1980 , Tidon 2006 ). Due to this high susceptibility to environmental changes, this species appears to be a suitable indicator of preserved areas covered by Atlantic Forest vegetation.
The influence of urbanisation over Drosophilidae assemblages apparently attained its maximum effect in the medium urbanisation site. This observation is in accordance with Ferreira & Tidon (2005) , who verifi ed the same effect in Brasília. Apparently, it can be said that the assemblages belonging to the low urbanisation site were characterized as transitory between those belonging to wild and disturbed areas.
The values of H', E var and S rar were very close to what was observed in other studies carried out in other environments in the south of Brazil (Saavedra et al. 1995 , Silva et al. 2005b , De Toni et al. 2007 ) and the peak in abundance of Drosophila species in autumn and spring has been recorded by Basden (1953) and Martins (1987) , respectively. Avondet et al. (2003) and Ferreira & Tidon (2005) also observed the increasing abundance of exotic species in cities, and we propose that this increase could act as an indicative of disturbance in wild forest environments. On the other hand, there was a surprisingly low infl uence of urbanisation over some native species, as D. polymorpha and the willistoni subgroup. Also, not only did richness apparently remain unaltered in urbanized areas, but also increased in LU. Such observation is particularly interesting, since several species collected in city are clearly non-generalists, such as those of the annulimana, repleta and tripunctata groups.
McIntyre (2000) lists several factors, including pollution and the fragmentation of natural habitats with the ultimate isolation of natural populations as the main causes of the loss of richness in urban environments. However, in studies with birds and butterfl ies, a high richness in moderate disturbed environments was observed, like in LU (Blair 1996 , Blair & Launer 1997 , Crooks et al. 2004 ). This can be explained by the association of the native species with small areas covered by vegetation close to the sampling sites. Zapparoli (1997) , investigating insects in Rome, also observed that when the sampling sites were close to gardens, the richness and the diversity of species were high. Besides this, areas with vegetation in the city promote more favourable environmental conditions also for the surrounding ones (Danni 1980) . In the two more urbanized sites investigated in the present study, there is at least one small area with native vegetation in the neighbourhoods. Conversely, the low urbanisation site is located in a partially urbanised hill, which can act as a safe haven for native species in the city. It is possible to assume that these green areas are supporting the survival of Drosophila native species in urban areas.
H´ -Shannon-Wiener index, E var -Smith-Wilson index, S rar -Number of rarefact species, S nat -Number of native species, S exot -Number of exotic species, N nat -Absolute abundance of native species, N exot -Absolute abundance of exotic species, NU -not urbanized site, LU -low urbanisation site, MU -medium urbanisation site, HU -high urbanisation site. Fig. 5 . Average of indices per site and per season, and signifi cant differences. NU -not urbanized site, LU -low urbanisation site, MU -medium urbanisation site, HU -high urbanisation site, WIN -winter, SPR -spring, SUM -summer, AUT -autumn. Different letters represent signifi cant differences in the ANOVA test at α = 0.05, and the absence of letters means no signifi cant differences. 
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Number of exotic species This attribute of urban gardens was also observed for other insects, as butterfl ies (Blair & Launer 1997 , Wood & Pullin 2002 , Shapiro 2002 and mosquitoes (Barbosa et al. 2003 , Navarro-Silva et al. 2004 . Nevertheless, Levy & Connor (2004) point that the populations found in these gardens could not be maintained due to a lack of local resources, and that these areas probably act as sink environments for these populations. Could the populations of native species of Drosophilidae survive in urban environments? This question can only be answered with further investigation of the substrata used as breeding site by these species in urban areas.
Another possibility to explain the highest richness of native species in urban areas, especially in low urbanisation sites, is the increased attractiveness of the baits in the city. It can happen by an increase in the stressing factors and a lack of natural resources in the city. Like this, the loss of richness becomes apparent when compared with the regional values. Crooks et al. (2004) observed that local bird diversity increases in moderately disturbed environments, but decreases in the overall regional diversity. These authors attribute this loss of richness to the biotic homogenisation of urban environments (McKinney & Lockwood 1999) . It is very unlikely that the urban areas are as rich as, or even (2007) could be used as a regional pool, in spite of the difference in the number of sampling sites. We also observed that our urban assemblages are not as rich as the regional pool. Sevenster & van Alphen (1996) could explained the coexistence of local species of Drosophila in a forest of Panama with the aggregation model (see Sevenster 1996) , which presupposes that, if the resources are discrete and ephemeral, they could support the coexistence of competitor species when these distribute gregariously. However, Krijger & Sevenster (2001) found that, in disturbed environments, the aggregation of species is lower than in wild environments. The species coexistence mechanism in cities has not yet been elucidated. Yet, evidence says that the competitive exclusion of native species by exotic species is not very probable, since we found all of them in sympatry and with abundances sustained along time.
The seasonal variation observed in the forest environment was already reported in studies of drosophilids (Martins 1987 , De Toni et al. 2007 . But the patterns of seasonal variation observed in the urbanized regions of the Neotropics have not so far been recorded. Tidon et al. (2003) verifi ed that Z. indianus inhabiting the Brazilian cerrado is more common in summer and scarcer in winter. These authors mention that this pattern is similar to that found in its place of origin, in Africa, and that this species is well acclimatised in the open Brazilian environments. Franck & Valente (1985) and Martins (1987) did not associate seasonal fl uctuation of melanogaster group species in disturbed environments to defi ned climatic factors. In our study, however, an apparently regular fl uctuation was detected for these species, with D. malerkotliana, D. simulans and Z. indianus showing higher relative abundances in autumn, winter, and in spring, respectively.
In the Atlantic forest, diversity increased concomitantly to an increase in evenness and to a decrease in abundance of exotic species. The presence of the exotic species could infl uence the wild assemblages by decreasing evenness in hot periods. In the urban environments, H' was related with an increase in richness. The exotic species were most dominant in the city, what could be responsible for the decreased evenness of the assemblages and for the oscillation in diversity, as compared to richness. In the low urbanization site, diversity correlates both with evenness and richness. These differences in the manner these indices relate to one another probably refl ect the individual characteristics of each environment studied and, again, LU shows a transitory character between forest and urban sites.
Even with these variations in the structure of local diversity, the difference between collection sites contributes but discretely to the total diversity observed, and therefore to the seasonal and annual variation. The residual value was the largest contribution to the total diversity. This variation carries but little informational worth, because it shows the contribution of the variation among each collection and could thus be considered as a casual effect. Irrespective of these observations, the contributions of all these factors do not surpass 50% of all the observed diversity. This lower value related to these factors was not expected, since we compared different environments that could explain a large portion of the total diversity observed, which nevertheless was not the case. Both Shorrocks (1974) and Brncic et al. (1985) , when collecting in sites with temperate climate, found higher values for temporal factors with this analysis (35.69% and 46.23%, respectively). In temperate climates, the assemblages were simpler than in hotter places and seasonality could answer for most of the diversity observed.
In this way, it becomes diffi cult to anticipate which is the principal factor infl uencing the observed diversity. It is probable that a combination of many factors, not considered in this work, such as the richness and abundance of breeding sites, could contribute with the maintenance of diversity.
We observed a gradual modifi cation in the dominant species in the assemblages related to the increased urbanisation. We also depicted a seasonal pattern of dominance in the assemblages collected in wild and urban environments. In the wild assemblages from Atlantic forest, D. capricorni and the willistoni subgroup were the dominant species, while in the city the dominance is exerted by D. simulans, D. malerkotliana, and Z. indianus.
Some parameters are proposed as indicators of the growth of urban impact in Brazilian Atlantic Rain Forest: 1) the high relative abundance and number of exotic species, as D. simulans, D. malerkotliana and Z. indianus; 2) the low relative abundance of the willistoni subgroup and, mainly, D. capricorni, which is proposed as an important sensitive species. However, the number of native species is not an advisable measure, since we observed a high richness in the disturbed environments. Probably, the richness in the urban sites could be supported by the occurrence of gardens in Florianópolis, but they could be acting as sink environments. In this sense, the richness observed in the highly urbanized sites is lower than the regional richness.
Finally, we observed that the assemblage structures in each environment were different. In the wild environment studied, diversity was related with evenness and, in the urban environment, with the number of species collected. The total diversity observed was neither explained by these differences, nor by the differences in the environments.
